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The Optical Time Transfer between a H-maser on the ground and the atomic clock ensemble in space (ACES) via the ELT interface, 
requires two concatenated highly stable two way laser links. While the use of satellite laser ranging provides both the range
information and the reading (epoch) of the remote clock by a free space laser link relative to the geometrical reference points on 
the ground and the satellites, another actively stabilized fiber based ground link provides the accurate time reference between the 
H-maser on the ground and the ranging system. Once the local reference target at the ranging site is also equipped with similar
two-way compensated timing reference, it is possible to identify and remove systematic errors to within 1 ps caused by otherwise
not detectable system delays. We report on a lossless time and frequency distribution system that delivers this functionality.
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The value of optical time transfer

ωClocks probe the local physics (gravity and 
velocity)

ωClock oscillator performance demonstrated to 1 
part in 1018

ωFrequency transfer over fiber links theoretically 
stable to 1 part 1019

ωOptical time transfer (ground to satellite on T2L2 
Ғ т Ǉǎ Ϫ олǎύ

ωCoherent optical round trip time transfer (2 km 
free space on ground: 1 fs @ 1000 s)

ω2-way optical time transfer on a compensated 
fiber link (600 m) achieved stability of 1 ps over 
a week. 
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How to make time an observable

ω!ƴ ŜƴǎŜƳōƭŜ ƻŦ ǎƭŀǾŜ ŎƭƻŎƪǎ ŀǊŜ ǎȅƴŎΩŜŘ ǘƻ ŀ 
master (per compensated fiber link)

ωAgainst a local clock this can be used to exploit 
or challenge relativity

ωLocal networks provide time and frequency
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How to make time an observable

ω!ƴ ŜƴǎŜƳōƭŜ ƻŦ ǎƭŀǾŜ ŎƭƻŎƪǎ ŀǊŜ ǎȅƴŎΩŜŘ ǘƻ ŀ 
master (per compensated fiber link)

ωAgainst a local clock this can be used to exploit 
or challenge relativity

ωLocal networks provide time and frequency

ωWide area networks rely on optical time 
transfer (SLR, other?)
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Highly accurate clocks exploit frequencyto utilize GR for a height system:

Sr

JILA 2015

άŎƭƻŎƪ ƎŜƻŘŜǎȅέ  ->  Comparison with the PTB traveling Sr Clock and INRIM

Building Block 1



Accurate Comparison of remote optical oscillators by fiber link

Lossless Fiber Links for frequency transfer -Ҕ /ƭƻŎƪ ŎƻƳǇŀǊƛǎƻƴ ōŜǘǿŜŜƴ baLΩǎ όt¢. - Syrte - NPL)

Building Block 2



Iƻǿ ǘƻ ŎƻƳǇŀǊŜ ǘǿƻ ǊŜƳƻǘŜ ŎƭƻŎƪǎΧ 9ƛƴǎǘŜƛƴ {ȅƴŎƘǊƻƴƛȊŀǘƛƻƴΗ

Annalen der Physik. 17, 1905, S. 891ï921

Isotropy of the speed of light!
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{[w ƛǎ ǘƘŜ ǇǊŀŎǘƛŎŀƭ wŜŀƭƛȊŀǘƛƻƴ ƻŦ ǘƘŜ 9ƛƴǎǘŜƛƴ {ȅƴŎƘǊƻƴƛȊŀǘƛƻƴΧ
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Χ ƛƴŎƭǳŘƛƴƎ ǘƘŜ ǳƴŀǾƻƛŘŀōƭŜ {ȅǎǘŜƳ- Delays

Game changer: We go from a narrow band transmission 
channel to an ultra-wide band technology



Building Block 3

geodetic 
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(space time)
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(interpolator)

Accurate distribution of time (Einstein Synchronization)

ω Time is associated with a well defined geodetic coordinate

ω The satellite is in fast motion and under changing gravity

ω In order to preserve time, the orbit must be known

ω Internal delays have to be knocked down



satellite time scale

clock

second
detected

laser pulse

transmitted

laser pulse

clock

second
returned

laser pulse

ground time scale

ground station PPS

/ƻƴƴŜŎǘƛƴƎ ŀ άƭƻŎŀƭ ŎƭƻŎƪέ ǘƻ ǘƘŜ ǿƻǊƭŘ - The ACES mission

time

range



Inter Continental Time Transfer via ACES



Observation:Variable delays due to electronics

asymmetry of 
clock channels

in the optical domain 
we are good!
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Schreiber et al.: Space Science Reviews, 214 (1), p. 1371, (2017)



Campus Distribution for accurate Time
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